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S.1. Modeling aggregation kinetics
Puertas and de las Nieves (1999) described the stability ratio in terms of total interaction energy Here, H is the distance between the particle surfaces, β(H) is the hydrodynamic correction factor (Overbeek, 1982) , VT(H) is the total potential energy of interaction and VA(H) is the potential energy of the van der Waals interaction.
DLVO interactions
The total interaction energy between the particles VT(H) is given by the equation,
Here ( ) is the total potential energy of electrostatic double layer interactions.
The total potential energy of the van der Waals interaction is given by 
Where A is the Hamaker constant of particles interacting in the water.
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The total potential energy by electrostatic double layer interaction is given by
where is given by
εo is the permittivity in vacuum, εr is the relative permittivity, KB is the Boltzmann constant, T is the absolute temperature, Z is the valence of the electrolyte, κ is the Debye parameter, which depends on the ionic strength of the solution, ψd is the diffusion potential related to and very close (in value) to the zeta potential (Di Marco et al., 2007) .
EDLVO interactions
Steric interactions
In the presence of steric forces, an additional term is added to the total interaction energy equation
The steric interaction energy comprised of two energies the osmotic energy Vosm and the elastic energy Velas.
When the polymer brushes of the two parties overlap, osmotic pressure is built up due to an increase in the concentration of the polymer resulting in repulsion between the two particles.
Here χ is the Flory-Huggins solvency parameter, ϕ2 is the volume fraction of the EPS within the brush layer, δ is the thickness of the brush layer and v1 is the volume of one solvent molecule.
When the two particles are at such a close distance (H=δ), some polymer molecules undergo compression leading to loss of entropy for the polymers, which result in elastic repulsion between the two particles.
Here Mw is the molecular weight of the EPS and ρ is the density of the EPS (Romero-Cano et al.,
2001) S5
Acid-base interactions
EPS sorption can also affect the surface electron acceptor and electron donor properties. Hence, acid-base interaction can also contribute to the total interaction energy. When acid-base interaction contributes to total energy, the acid-base component is added to the total energy equation 2
The Acid-base energy between two particles is given by
here is the decay length of the molecules of the liquid medium, and Δ ℎ is the polar free interaction energy between the particles at distance Ho which is the minimum equilibrium distance due to Born repulsion, which is 0.157 nm (Li and Chen, 2012).
The derivation of equation 1 permits the comparison of predicted W values to the experimental data of log W vs. electrolyte concentration. Some values such as Hamaker constant (A), Gibbs free energy of acid/base interaction (Δ ℎ ), the volume fraction of the EPS with in the brush layer (ϕ2), the thickness of the brush layer (δ) could not be derived independently. Hence these parameters were fitted to the observed data using the Levenberg-Marquardt algorithm for local optimization (Levenberg, 1944; Marquardt, 1963) . The correlation between the fitting parameters was also calculated. All the values used for different parameters are given in Table . Parameter uncertainty was calculated as the 95 % confidence interval 
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S.2. Closed-flow column system
Figure S1. Scheme of the closed-flow column set up S7
S.3. Porous media contact efficiency
The transport data from these experiments are described using the colloidal filtration (CFT) theory (Tufenkji and Elimelech, 2004) with corrections for the closed-flow transport regime. It calculates the attachment efficiency of the porous media and the single collector contact efficiency.
The attachment efficiency (α) is the fraction of collisions between the particles and porous media that result in the attachment.
here dc is the average diameter of the porous media, f is the porosity, L is the length of the column, c/ci is the ratio of the concentration of nanoparticles in the column at the end of the transport experiment to the concentration of nanoparticles expected after imminent dilution due to the water of saturation in the columns and η0 is the theoretical single collector contact efficiency developed by Tufenkji and Elimelech (2004) . All the parameters used for the calculation of attachment efficiency and the single collector contact efficiency are given in Table 2 . 
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The actual single collector removal efficiency (η), which is generally lower than the single collector contact efficiency (η0), is given by
Moreover, the particle deposition rate coefficient d is given by
here U is the approach velocity of the medium.
The single collector contact efficiency (η0) is calculated by Around 500 ml (14g/L iron) of hematite solution was synthesized by adding 60 ml 1.0 M ferric nitrate to 700 ml water. S11 
S.5. Characterization of EPS isolated from
S.6. Concentrations of EPS sorbed on hematite nanoparticles
The concentration of EPS sorbed on the hematite was estimated by centrifuging the solutions at 10,000 rpm for 10 mins at 4°C. The supernatant and the precipitate were analyzed for carbon and iron concentrations by elemental analyzer (CNS analyzer, Euro EA, Eurovector, Italy) and phenanthroline method (Saywell and Cunningham, 1937) respectively. The presence of iron in the supernatant indicated that HNP could not be separated from the solution quantitatively, especially in case of colloidally stable suspensions. Thus, the amount of carbon measured in the precipitate may only serve as a general indicator for EPS adsorbed to hematite surfaces. A general increase in the amount of EPS present on the surface is seen with increasing loadings of EPS. Table 4 gives concentrations of EPS sorbed on HNP. Other methods of separation such as aggregation of HNP using high concentration of salts was not used since salts can also precipitate colloidal EPS molecules. In closed-flow columns, a typical breakthrough in the supply vessel consists of oscillations (a continuous increase and decrease) in the concentration of the solute, which finally stabilizes when an equilibrium state is reached. This is due to flow of the solute through the column several times until the dispersion, diffusion and mixing leads to a stable concentration in the supply vessel (Ritschel and Totsche, 2016 ). S17
S.11. Calculation of adsorption strength from breakthrough curves
In closed-flow mode transport experiments, the distribution of a mobile compound between the solid and the aqueous phase can also be expressed in terms of a dimensionless sorption or retention coefficient , which is given in close relation to the classical retardation factor as
where ρ is the bulk density of the porous medium, is the distribution coefficient between the aqueous and the solid phase and θ is the volumetric water content of the porous medium (e.g. .
As is easily derived from breakthrough data and v is calculated from the column geometry according to
where is the volume of the mixing vessel and is the volume of the column, we also calculated according to equation (6) for the different HNP suspensions.
